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ABSTRACT. Reports of recent exposure to environmental tobacco smoke (ETS) and urinary 
cot3n;i>t tveb were obtained on 663 never* and ex-smokers who attended a cancer screen¬ 
ing dirrsc fn Buffalo, New York, in 19G6. Study objectives included determining the preva¬ 
lence exposure to ETS using urinary cotinine and identifying questionnaire exposure 
measuts predictive of cotinine. Findings demonstrate that exposure to environmental 
tobaci*: smoke 1$ extremely prevalent, even among those not living with a smoker, A lout 
of 76 1 \ of subjects reported exposure to ET5 in the <4 d preceding the interview. The most 
frcque'tv mentioned sources of exposure were at work 128%) and at home (27%), Coti¬ 
nine *l» found in the urine of 91% of subjects, Cotinine values increased significantly with 
the n-“ber of exposures reported. Aiming the different questionnaire measures of ex¬ 
posers i-sat were evaluated, the single best predictor of cotinine was the number of friends 
and fa-jlv members seen regularly by the subject who smoke. 


EXPOSURE to em "'.mental tobacco smoke (ET5) 
has been implicated = : s zause of many adverse health 
consequences in nc"^ , o'<ftf5. , “ 3 Although the health 
risks associated with : S are probably small in com¬ 


parison to active smoking, given the high prevalence af 
smoking in the United States/ exposure to ETS is likely 
to be common, and the number of people adversely af¬ 
fected could be substantial. 
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rfealtfi risks..associated with ETS van, 1 with exposure, 
dibiogical markers of tobacco smoke exposure have re¬ 
cently been used in' an attempt to measure smoke ab¬ 
sorption in nonsmokers. 1 Of the various biochem¬ 
ical markers of tobacco smoke exposure, there is 
general agreement that cotinine is the best marker. 
Coil nine is a metabolite of nicotine and is therefore 
specific to tobacco smoke. Cotinine is considered a 
better marker of exposure than nicotine because its 
longer half-life means it measures exposure over 
several days rather than hours. s ‘ :ft The degree of ex¬ 
posure, as measured by cotinine, is likely to depend 
upon several environmental factors, including number 
of exposures, duration of exposure, intensity of expo¬ 
sure (i.e., number of smokers), and room ventiiation 
characteristics. 1 ’ c 

This study examines the relative importance of these 
environmental factors in predicting current ETS ex¬ 
posure. as measured by urinary cotinine, in a group of 
b63 non-smokers. In addition, information is presented 
on the prevalence and sources of exposure to tobacco 
moke. The findings from this study should be useful to 
-■.rose interested in developing valid questionnaire 
measures of recent exposure to ETS and to health of¬ 
ficials charged with assessing the need for regulations 
that restrict smoking in public piaces. 

Materials and methods 

The study population induced adult men and 
women who attended the Roswell Park Memorial In¬ 
stitute Cancer Screening Clinic for a free cancer check¬ 
up during 1986. Screening exams were performed by a 
nurse practitioner or physician. Fallowing the examina¬ 
tion, clinic attendees were asked by the examiner if 
they wished to participate in a study on ETS. Subjects 
were informed that participatiur.Tn the study would re¬ 
quire a 30- to 40-min interview, provision of a urine 
sample, and 6 lung function test. Among those ap¬ 
proached, about 70% volunteered io participate. The 
main reason given tor refusal to participate was lack of 
time. Those willing to participate were directed into a 
private office where an interviewer provided a further 
description of the study and obtained a signed consent. 

Interviewing began in February 1986 and ended in 
December 1966. Smokers and non-smokers were en¬ 
rolled in the study up until July 1986, after which time 
only non-smokers were recruited. A total of 860 indi¬ 
viduals were enrolled in the study. These included 300 
never-smokers, 330 ex-smokers, and 130 current smok¬ 
ers. Subjects were classified as ex-smokers if they smoked 
at least one cigarette/pice/cigar a day for ^ 1 yr and 
had not used tobacco for at least l mo prior to the in¬ 
terview, Current smokers were classified as those sub¬ 
jects who currently smoked any quantity of tobacco. 
The data presented in this paper are restricted to never- 
and ex-smoker participants m the study (N *• 730). 

The age distribution of subjects was widespread, 
ranging from 18 to 84 yr (mean age — 54.7 yr). Ex- 
smokers were slightly older (56.8 yr) than never 
smokers (53.2 yr), A higher proportion of never smok¬ 
ers compared to ex-smokers were below age 40 yr 
(21% vs. 12%). Overall, 44% of subjects were male. 
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and 90% were white. A significantly higher proportion 
of ex-smokers were male compared to never-smokers 
(537o vs. 34%). The majority of subjects were married 
(69%). Slightly more than one-third of never smokers 
were college graduates, in contrast to 23% among ex¬ 
smokers. Roughly half the study subjects were current¬ 
ly employed- In comparison to the adult population in 
Erie County, New York, the study sample over repre¬ 
sented females and whites and under represented per¬ 
sons below 40 yr of age. 

Data collection. Study subjects were interviewed in a 
private office by a trained interviewer. The interviewer 
questioned subjects about their current and past tobac¬ 
co use habits, exposure to tobacco smoke at home and 
at work, and recent indoor exposure to tobacco smoke 
Over a 4-d period preceding the interview. To aid 
recall, each of the 4 d was subdivided into three 
segments (i.e., morning, afternoon, evening), and Sub¬ 
jects were asked the same questions for each portion of 
the day. For each portion of a day, subjects were asked 
to indicate whether they had been exposed indoors, 
not in a car, to smoke from an individual who was 
smoking. Those who answered "yes" were asked to 
report on the location and duration (measured in 
quarter hours) of exposure, the number of smokers 
present (within 10 ft), the size of each exposure loca¬ 
tion, and the air ventilation characteristics of each loca¬ 
tion (i.e., open windows, air conditioning). Subjects 
were asked to rate the size of each exposure location 
on a 3-poirrt scale as follows: 1 - large, defined as 
auditorium size; 2 - medium, denned as kitchen or liv¬ 
ing room size: and 3 - small, defined as small, single¬ 
person office size. 

For each portion of a day, subjects were also asked to 
indicate whether they had been exposed to one or 
more peopie smoking in a car. Those who answered 
"yes" were asked how many people were smoking, 
the duration of exposure (measured in quarter hours), 
and whether windows were open or air conditioning 
was being used. The location size score for exposures 
in a car were automatically coded a 3. which cor¬ 
responded to a small indoor exposure location. 

The recall interview was structured so that tor each 
portion of a day the subject could report on a single in¬ 
door exposure and one exposure occurring in a car. 
Thus, the maximum number of exposure events that 
could be recorded in a given day was 6 (3 segments in a 
day x 2 exposures per segment), and 24 for the entire 
4-d recall jaeriod If multiple exposure locations were 
reported in the same portion of the day, the more ex¬ 
tensive exposure was recorded. Very few subjects re¬ 
ported multiple exposure locations during the same 
portion of a given day. Thus, the exposure reports re¬ 
corded represent a fairiy complete picture of a 
subject's perception of exposure to tobacco smoke 
over the 4 d preceding the interview. 

In adcition to information on tobacco smoke expo¬ 
sure, subjects were questioned about their current and 
past health status, work history, and personal charac¬ 
teristics. All subjects were given a lung function test 
and asked to provide a 6-ml urine sample for deter¬ 
mination of cotinine. 

73 


21 MAR 96 17:13 


hi 7 23413S2 PAGE. 003 


PM3006484796 


Source: https://www.industrydocuments.ucsf.edu/docs/rzhj0001 


(' I! -44 


Uiine specimens were frozen at -ZO' J C until.the coti- 
nine assay was performed. Assays were done within 6 
mo of collection and without knowledge Of the Sub¬ 
ject’s smoking or exposure status. Cotinine was Quan¬ 
tified using high pressure liquid chromatography 
ff-.PIQ." To check the accuracy of the assay, control 
samples with established mean cotinine values were 
performed with each HPLC run. If control values could 
not be repeated (i.e.. coefficient of variation > 10%), 
the assay was redone. 

Exposure measures. Several indicators of exposure 
to ET5 were constructed from interview responses. 
From the information collected in the 4-d recall, five 
measures of ETS exposure were computed. These in¬ 
cluded (1) the total number of exposures, computed by 
summing the number of indoor and car exposures re¬ 
ported by subjects; (2) totai duration of exposures, 
computed by summing across all reported exposures, 
tna number of minutes exposed to tobacco smoke; (2) 
the intensity of exposures, measured by summing 
oss all reported exposures, the number of smokers 
“whom the subject was exposed within io ft; (A) the 
size of exposure locations, computed by summing the 
size scores across all exposures; and 15) the ventilation 
characteristics of exposure locations measured by hav¬ 
ing subjects indicate for each location whether it was 
ventilated (i,e.. open windows or air conditioning) or 
not (ventilated - 1, not ventilated - 0), and then sum¬ 
ming the ventilation scores across all exposures. 

tn addition to measures derived from the 4-d recall, 
several general indicators of current ETS were assessed. 
These included (I) the number of cigarette/cigar/pipe 
smokers living in the subject's home (coded as none, 
one. two. or more); (2) among married subjects, the 
smoking status of their spouse; (3) among currently 
employed subjects, exposure to tobacco smoke at 
work; and (4) a rating by subjects of the number of peo¬ 
ple they see regularly (i.e., friends, relalives, co- 
workers) who smoke (response categories ware none/ 
few, some, most/all). 

Data analysts. Analyses were restricted to lifelong 
non-smokers and ex-smokers. Two subjects who used 
:bewing tobacco were excluded from analyses, Other 
'-exclusions included 45 subjects from whom urine sam¬ 
ples were not obtained or were lost; 14 subjects for 
whom the cotinrne assay was judged to be unreliable, 
i.e., coefficient of variation greater than 10%; and 6 
subjects whose cotinine levels exceeded 90 ng/ml and 
were, therefore, classified as active smokers. The cut- 
point of 90 ng/ml to distinguish between active and 
passive smoking was based on a comparison of the dis¬ 
tributions for reported non-smokers and current smok¬ 
ers. Subjects excluded from the analysis did not differ 
significantly from those retained in the analysis with 
regard to demographic characteristics or self-reports of 
exposure to ETS. 

The bivariate relationship between urinary cotinine 
and measures of ETS smoke exposure were evaluated 
by either one-way analysis of variance or Pearson Prod¬ 
uct Moment correlation coefficients, as appropriate. 
Multiple regression analysis was employed to evaluate 
the relationship between urinary cotinine and meas- 
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ures of exposure to passive smoke, controlling for the 
following potential confounding variables: age; 56x; , 

time of day when the specimen was collected (coded 
as: morning, afternoon, evening); and time of year 
when the specimen was collected (coded as: indoor 
months - November through April and outdoor months 
- May through October). 

One-way analysis of variance was used to evaluate 
the relationship between the characteristics of subjects 
and exposure to ET5 as measured in the 4-d recall. A 
stepwise multiple regression analysts was performed to 
assess the multivariate importance of variables found in 
the bivariate analysis to be associated with reported ex¬ 
posures. 

Results 

Seventy-six per cent (501/663) of the subjects re¬ 
ported exposure to tobacco smoke in the 4 d preceding 
the interview. The average number of exposures re¬ 
drafted over the 4-d period was 3.2 (range; 0 to 2t ex¬ 
posures). Among the 501 exposed subjects, the average 
daily exposure was 2 h (range <.t h to 13.25 b/d). Re¬ 
ported exposure locations in order of frequency were 
work (26%), home (27%). restaurants (16%). private 
social gatherings (11%), in a car or airplane (10%), and 
in public buildings (8%). 

Twenty-two per cent of subjects (n - 145) lived with 
a smoker. Of the 466 married subjects. 94 reported that 
their spouse smoked. Among currently employed sub¬ 
jects (n - 343), 77% reported being exposed io tobac¬ 
co smoke at work. Twenty per cent of subjects stated 
that smoking is prohibited in their home; 40% pro¬ 
hibited smoking in their car. Fifty-seven per cent of sub¬ 
jects reported that rone or few of their family and 
friends Smoke, 29% said that some smoke, and 14% 
said that most or all smoke. 

Six hundred and five of the 663 (91%) had detectable 
cotinine levels. The mean cotinine level was 8.84 ng/ml 
(median ■» 6.19 ng/ml). Cotinine levels ranged from 0 
ng/ml to 85 ng/ml; 92% of cotinine values were less 
than 20 ng/ml. 

Figure 1 shows the mean urinary cotinine levels by 
the number of exposures reported by subjects during 
the 4-d recall period. Whereas concentrations of coti- 
ctine varied widely within exposure groups, the level in¬ 
creased with the number of exposures reported (Pear¬ 
son Product Moment Correlation - 0.23, p < .01). 

Tabic 1 shows the relationship between urinary coti¬ 
nine and various measures of exposure to ETS com¬ 
puted from the 4-d recal! portion of the interview. All 
exposure measures were significantly related to coti- 
nine, although the degree of association was modest. 
Exposure measures were Highly intercorrelated be¬ 
cause each was based on the number of exposure oc¬ 
currences (range: r - 0.70 to r - 0.%). To evaluate the 
relationship of exposure duration, intensity, room size, 
and room ventilation with cotinine, independent or 
number uf exposures, partial correlations were com¬ 
puted controlling for number of exposures. The partial 
correlation coefficients are shown in the second col¬ 
umn in Table 1. When the number of exposure occur¬ 
rences was controlled, only the ventilation Character- 
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n=IS2 n=20B n=152 n=14l 

Number of Exposures in Ihe Past 4 Days 

Fig. 1- Urinary cotinJnc cnnccntraiion* by number of reported ex¬ 
posures to tobacco surotie in the post 0 d amnnj 66.3 nonsmotiees, 
Buffalo. Nev. Vorir, Vhlh, 

istics of the exposure location was found to be signifi¬ 
cantly related to cotinine levels. 

A multiple regression arrlaysis was performed to fur¬ 
ther evaluate the association between the number ot 
exposure reports and cotinlne while controlling for the 
age and sex of the Subject and the time of day and 
month of year when the urine specimens were col¬ 
lected. Overall, this model accounted for 6% of the var¬ 
iability in cotinine levels. Number of exposures and the 
time of year when urine specimens were collected 
were the only variables significantly related to cotirv.ne. 
Each exposure occurrence increased cotinine by 0.58 
ngfml (95% Confidence interval; 0-36 ng/ml to 0.80 

ng/ml). 

Cotinine levels were significantly higher in subjects 
interviewed during cold weather months (November to 
April!, in subjects who lived with smokers, and in those 
who reported that most or all of their friends and family 
whom they see regularly smoke. Cotinine levels also 
varied significantly by age and race. Younger subjects 
and nonwhiles had higher cocinme levels. 


A stepwise multiple regression analysis was performed ^ 
to evaluate the predictive value.of variables found in 
the bivariate analysis to be associated (p < .30) with 
cotinine. Variables included in the regression model 
were the subject's age, race, and employment status; 
the number of smokers who lived with the subject; Ihe 
number of friends and family members seen regularly 
who smoked; and the time of the year whan the inter¬ 
view was conducted. These six variables accounted for 
only 7% of the variability in cotinine levels. Three of the 
six variables were significant contributors to the model. 
These included, in order of importance, number of 
friends and family members who smoked: the time of 
the year when the interview was conducted (cotinine 
levels higher in subjects interviewed during indoor 
months, November to April); and the number of smok¬ 
ers who lived with the subject. 

The relationship between the characteristics of sub¬ 
jects and reported exposure to passive smoke as meas¬ 
ured In the 4-d recall was also assessed. Age, living with 
a smoker, number of friends and family members who 
smoked: rules governing smoking at home and in the 
car, working In a place where smoking is allowed, and 
time of year when the interview was conducted were 
all significantly associated with the number of reported 
exposures. A stepwise multiple regression analysis was 
performed to evaluate the predictive value of variables 
found in the bivariate analysis to be associated p < 
.10) with number of exposures. Variables included in 
the regression model were the subject's age. employ¬ 
ment status, number of smokers who lived wich the 
subject, rules governing smoking a! home and in the 
car, number of friends and family members seen 
regularly by the subject who smoked, and month of the 
year when the interview was conducted. These seven 
variables accounted for 35% of the variance in 
reported exposure to passive smoke. Six of the seven 
variables were significant contributors in the model. 
These included, in order of importance, the number of 
smokers who lived with the subject; (be number of 
friends and family members seen regularly by the sub¬ 
ject who smoked; the subject's employment status 
(more exposures reported by those currently em¬ 
ployed); rules governing smoking in the subject's ear; 


Tabic between Cfttlnme (ng/ml) and 

Measures of Exposure to Passive Smoke from the 4-d Recall 


CorrsUiioo with cat mine [ngfmll 

Exposure measures 

Unadjusted 

Adjusted for number 
of exposures 

Number of exposures 

0.23- 

_ 

Duration of exposure 

CU3* 

-o.oz 

Number of smokers 

0.19- 

0.01 

ftocm rlae score 

0.2-r- 

0.05 

YentjJation 5Cj>r* 

0.25‘ 

0,09* 

% P < -D5. 

*p< 01. 
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age (more exposures reported by younger subjects); 
and time of the year when the interview was con¬ 
ducted (more exposures reported by those interviewed 
during indoor months, November to April). Rules 
governing smoking at home was correlated with rules 
about smoking in the car (r - 0.46, p < .07), which 
may account for its failure to enter the model as a 
significant predictor of exposures, 

Discussion 

Given the self-selected nature of the study popula¬ 
tion and potentially limited generaiizability of results, it 
is worth noting that the ETS exposure rates reported by 
study subjects are comparable with exposure rates re¬ 
ported in the literature. 13 Friedman et a!.' 3 found that, 
among 37 0C0 nonsmoking members of a prepaid med¬ 
ical plan who were questioned about their exposure to 
GTS, 63% indicated exposure to tobacco smoke in the 
evious week. Reported ETS exposure was strongly 
— lated to age, with adults in their twenties reporting 
the highest level of exposure. In this study, three- 
fourths of non-smokers interviewed reported exposure 
to tobacco smoke in the 4 d preceding the interview. 
Similar to the Friedman et a!. 15 finding, ETS exposure 
was highest among respondents in their twenties and 
declined steadily with age. 

The two most frequently mentioned locations for ex¬ 
posure to passive smoke were at work and at home. 
Among currently employed subjects, 77% reported be¬ 
ing exposed to tobacco smoke at work. Over half of all 
reported recent exposures occurred in locations where 
the subject may not have the option to avoid exposure 
(i.e., at work, in a restaurant in a public building). This 
finding suggests that policies regulating smoking in 
public places could have a substantial impact on reduc¬ 
ing a person's exposure to ETS. 

The mean urinary cotinine level of 8.34 nglml found 
among nonsmokers in this study is comparable to 
reports from other studies.’-' 8y contrast, the mean 
urinary cotinine ievel tor the 130 smokers tested in this 
idy was 1 254 ng/ml. Among nonsmokers, detectable 
-revels of cotinine were found in the urine of 91% of 
subjects, including 132 of 162 subjects (81%) who 
reported no exposure in the 4 d preceding the inter¬ 
view. It is possible that cotinine levels were inlluenced 
by exposures that occurred earlier than 4 d reported on 
in the interview.' 1 Also, it is our impression thac sub¬ 
jects who are not routinely exposed to ET5 may have 
difficulty recalling instances Of exposure. 

This study examined several self-reported environ¬ 
mental factors thac may influence cotinine levels, in¬ 
cluding the number of exposures; duration; intensity, 
i.e., number of smokers; room size; and ventilation 
characteristics of exposure localions. Consistent with 
other published reports,’'’ cotinine levels tended to in¬ 
crease with the number of reported exposures to ETS. 
However, within a given exposure level, there was 
considerable variability in cotinine values. 

Cotinine was chosen as a biological marker or ETS ex¬ 
posure because it is specific to tobacco smoke. How¬ 
ever, cotinine levels in body fluids may not only reflect 


environmental exposure to tobacco smoke, but also 
factors that influence uptake and metabolism of 
nicotine, ,0|: In controlled laboratory conditions 
(smoke chambers), it has been shown that duration and 
intensity of exposure to ETS can affect absorption of 
nicotine. 10 Results from this study show that accounting 
for exposure duration and intensity had little influence 
on cotinine levels once the number of exposures was 
controlled. Considering the room size and ventilation 
characteristics of the exposure location also added little 
to predicting variation in cotinine levels. In question¬ 
naire studies of ETS, it does not appear to be useful to 
account for characteristics of exposure location, i.e., 
duration, number of smokers, room size, ventilation 
factors. Instead, more emphasis should be placed on 
frequency measures of exposure and the number of 
smokers among acquaintances. 

Findings from this study confirm the results of other 
investigations, which have found that living with a 
smoker increases cotinine levels. 5 ’’ However, 34% of 
subjects who did not live with a smoker had detectable 
cotinine levels, which underscores the need to con¬ 
sider exposures outside the home. Among the various 
general exposure measures examined, the best predic¬ 
tor of cotinine was the number of friends and family 
members S sen regularly by the subject who smoked. 
This measure considers home, workplace, and social 
exposures to tobacco smoke, and it represents a simple 
way to evaluate a nonsmoker's usual exposure to ETS. 

Cotinine levels were found to vary by month of the 
year. Subjects who were interviewed during predom¬ 
inantly cold weather months (November to April) re¬ 
ported more frequent exposure to ETS and exhibited 
significantly higher cotinine levels than subjects inter¬ 
viewed during warm weather months {May to Octo¬ 
ber). The time of the year may not only influence the 
number of exposures to ETS but also the ventilation 
characteristics of exposure locations. 

Cotinine was assumed to be a valid quantitative 
measure of ETS exposure in this study- However, there 
were several potential problems with the cotinine 
values. Because of the way in which subjects were 
recruited, it was not possible to fix the day of the week 
or the time of day when specimens were collected. Jar¬ 
vis et al. 4 found that plasma cotinine levels tend to in¬ 
crease in the afternoon. Time of day when the inter¬ 
view was conducted was examined as a potential con¬ 
founding variable in this study and was found to be 
unrelated to cotinine levels. Another potential problem 
with the measurement of cotinine in this study is that 
values were based on a single random urine specimen. 
Preferably, cotinine levels should be based on 24-h 
urine collection to control for variability in the concen¬ 
tration of cotinine between individual urine specimens. 
In an effort to control for variability in urinary concen¬ 
trations of cotinine. values were standardized by 
creatinine excretion, which served as a surrogate 
measure of urine concentration, and expressed as a 
cotinine:creatinine ratio. However, parallel analyses 
done on standardized and unstandardized cotinine 
values revealed that the correction for 'creatinine had 
little effect on the results. 
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A recent workshop on the measurement of cotinine 
in nonsmokers recommended, for comparison pur¬ 
poses across studies, that unstandardized values be 
presented, 1 ' which is why we have chosen to present 
our tmstandardized cotinine levels. 

The relatively modest correlation between reported 
ETS exposure and urinary cotinine indicates that other 
factors such as differing metabolic rates and body size 
may have a confounding effect on the relationship be¬ 
tween cotinine levels and questionnaire measures of 
ETS exposure, in view of this finding, we would recom¬ 
mend against using cotinine levels as a strictly quan¬ 
titative indicator of ETS. The combination of question¬ 
naire measures of exposure and biologic markers offers 
perhaps the best approach for accurately assessing re¬ 
cent exposure to ETS.'* 
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